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_ FOREWORD 


This report is one of a series written by members of the Solid Fuels 
Mission to Germany and describes wartime developments in mining, prepara- 
tion, and utilization of coal. This mission was organized early in 1945 
under the auspices of the Technical Industrial Intelligence Committee, which 
cooperated with a counterpart British committee. In some instances, engi- 
neers Trom other allied countries cooperated in the investigation. The 
Solid Fuels Mission operated under the direction of a steering committee 
headed by Dr. C. J. Potter, Deputy Solid Fuels Administrator. The person- 
nel of the mission consisted of H, F. Yancey, in charge, J. W. Buch, Thomas 
Fraser, L. L. Newman, and L. D. Schmidt, of the Bureau of Mines; H. H. 
Lowry, Director of the Coal Research Laboratory, Carnegie Institute of 
Technology; H. J. Rose, Vice-President and Director of Research, Bituminous 
Coal Research, Inc.; and F. H. Reed, Chief Chemist, Illinois Geological 
Survey. 


Over 50 reports were written by the members of the Solid Fuels Mis- 
sion, Thess, together with micrcfilms of supporting data obtained in the 
course of tho investigations, are on file at the Bureau of Mines, Washington, 
D. C., where they are available for public examination. The Office of the 
Publication Board in the Department of Commerce is prevared to furnish 
photolith copies, photostets, or microfilm reproductions of all declassified 
reports. A Bibliography of Scientific and Industrial Reports is issued 
weekly by the Department of Commerce, Office of the Publication Board, and 
is sold by the Svperintendent of Documents, Government Printing Office, 
Washington 25, D. C., on & subscription basis, An initial payment of $10 
will provide for approximately 9 months, and subscribers will be notified 
When additional remittance is necessary. All subscriptions will begin with 
volume 1, No. 1, unloss ordered otherwise. The Bibliography covers all 
mtcrials and subjects and gives instructions for obtaining the desired 
items. | 


The rcports of the Sclid Fuels Mission relate to the following general 
subjects; Mining methods in the Ruhr district of Germany, with special 
reference to mechanical cutting end loading equipment, pneumetic packing, 
end Diesel mine locomotives; activities of industrial research laboratories 
Supported by the German coal and coke industry; coal preparation in western 
Europe; low-temperature carbonization processes; mctallurgical coke from 
weakly coking coals; low-ash electrode carbon from coal; new devclopments in 
the producticn cf metallurgical coke end the utilization cf gas and by- 
products; briquotting brown co2l and bituminous coal without the use of 
binders; recont engincoring devclopmonts in gas turbines and steam goner- 
ators, with special reference to use of coal; German coal-fired hcating 
and cooking stoves; and the commercial extraction of coal with solvents 
for production of synthetic liquid fuels or chemical products. 


Numerous reports on the activities of Gorman synthetic liquid fuels 
plants and the plants for the production of synthesis gas from solid fuels 
ere available in the same office as the sclid fuels rcports. 
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It is plenned to publish in this sorics of Bureau of Mincs Informite: 
Circulars the more important reports or combinetion of reports preparcé tj 
the members of the Sclid Fuels Miscicn. <A similar serics on synthcitie lows 
fuel activitics is being prepared. | 


A, C, FIELDNER, Chicf 
Fucls and Explosives Branch 
Bureau of Mines 
Washington, D. C. 
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following footnote acknowledgment is used: "Reprinted from Bureau of 
Mines Information Circular 7395." 

e/ Sunervieing engineer, Synthesis Gas pa ooueulen Laboratories. Bureau of 
pee ener Va. 
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INTRODUCTION 


Now that the war is cver, there is © great revival in populer demand 
to decrease pollution cf the atmosphere in ow cities. Great cities, such 
as Pittsburgh, are starting to enforce laws against violators of smoke 
ordinances, The substitution cf low-temperature ‘coke for bituminous coal 
in household heating is &@ most promising field for helping to elimintte 
the smcke nuisance. This Information Circular is written to assist in the 
very worth-while effort to reduce atmospheric pollution, Herein are de- 
scribed recent German developments in the production of low-temperature 
coke. Operating and cost data are given on German commercial-scale low- 
temperature carbonization plants. | ' 
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GERMAN INDUSTRIAL PLANTS FOR MAKING LOW- TEMPFRATURE COKE 


In Gormany, two commercial-size plants of Krupp-Lurgi design have bec? 
in operation for nearly 10 years. Neither is operating at present because 
of the general cconomic collapse of Germany. New data on design and cpcré- 
tion of low-temperature carbonization plants have become available since the 
War. 
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Figure 1.- Diagrammatic drawing of a Krupp-Lurgi low-temperature carbonization 
oven. 
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In the spring of 1936, two plants of Krupp-Lurgi design, each having 
a capacity of about 40 tons2/ of coal per day, were built - one at the 
amalje mine, near Essen in the Ruhr, and the other at the Velsen mine, in 
the Saar, .In 1927, another plant of Krupp-Lurgi design with a daily 
throughput of about 400 tons of coal, was constructed at Wanne-Eickel, in 
the Ruhr. In 1944, the plant at Wanne-Eickel was enlarged by 24 ovens with 
a daily throwhnput of 290 tons per day, making the total at the Wanne-Lickel 
vlant nearly 7CO tons of cca] per day. At Velsen, in the Saar, the original 
plant, with a throughput.of 35 tons of coal per day, was increased in 1942 
to a-capacity cf about 140 tons of coal er day. At the-end of the war, 
new construction dt this plant was about 60 percent complete. If -this new 
constructicn had been ccmpleted, the daily capacity of the Saar plent would 
new be £50 tons of coal per day. This rapid growth of these low-temperature 
carbonization plants’ from the original 4-ton-per-day pilot plant at the 
Helene mine, noar Essen, proves that these ovens were successful in operation. 

ther than the plante of Krup>-Lurgi design, no other really large- 

scale low-temperature carbonizetion plants for bituminous coking coal were 
built in greater Germany. However, it is reported that a pilot-scale plant 
using the ee es design was put up et the Mizluwitz Colliery in 
Polish Silesia./ A large-scale, Brenhnstoff-Technik, low-temperature car- 
bonization plant was started at Marienau, in the Saar, and at the time of 
capture by the American forces construction was about 40 percent complete. 


Description of Krupn-Lurgi Low-Temperature Carbonizaticn Plant 


Figure 1 shows one of the original plants. The coal is carbonized in 
slx narrow carbonization cells contained between scven recténgular steel 
heating colls, which are heated by recirculating hot gases. These six 
carbonizaticn tells constitute an oven, which is filled from an overhead 
charging car; each carbonization cell is 10.5 feet long, 6.9 fect high, 

3 inches wide at the top and 4 inches wide at the bottom. At the close , 

of the carbonization pericd, the coke slabs drop from the oven into the 
Quenching car. ‘The oven is closed above and bclow with covers sitting in . 
wator ceals. Figure 1 shows a cut thrcevgh a heating coll and shows tho 
mcthod of heating the cells. The recirculating hot gascs are preducts of . 

a fac burner and are recirculated by means of a fan, or blower. In passing 
throush the heating cells, these hot gascs give a part of their heat to the 
stecl walls, which conduct it directly to the ccal. .The velocity of the re- 
circulation of hceatins; gases is reculated so that the difference in tcmpera- 
ture of the gas entcring the heating ccll and the gas leaving is, at the 
miximum, about 50°C, After thuse gescs have passcd the-blowor, they are 
’gein brought to the proper tompcrature dy adding new hot products cf com- 


m 


bustion from the gas burner. 


The cxccess hot gases pass to the atmosyhore through a cast-iron heat 
exchanzor, in which the combustion air is prcheated. 


371 ton = 2,000 ib. | } 
4/ Coie and Smokelees Fucl Age, Gcrman Low-Temperaturo Carbonization; 1946,:° 
Pde T7-70. | | 
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Figure 2 shows the arrangement of a later design of the Krupp-Lurzi 
low-temperature carbonization plant. It will be nected that the recircu- 
lating hot sases enter’ at the bottom of each Beating cell and leave at the 
top. As the recirculating gases enter at about 620" C. and leave the top 
at abcut 580° C., the difference or 4O C. is sufficient.tco ccke the eddi- 
ticnal coal at the bottom of the carbonization cell where it is 4& inches 
thick, compared to the top where it is only 3 inches thick. 


Coals Used for Making Low-Temperature Coke 


In the Ruhr, the coal charged to the ovens was a mixture of 25 percent 
from the Hennibal (Krupp A. G.) mine of about 22 percent volatile-matter 
content (Muck method) and 75 percent from the Bismarck (Gelsenkirchener 
Bergwerke A. G.) mine of 33 to 34 percent volatile-matter content. The 
coals were washed and contained an averagé of about 5.4 percent ash end 
8 to 10 percent water, and’ the volatile-matter content of the mixture was 
about 30 percent (dry basis). Normally, in Germany, the O- to O.4-inch 
screen size of washed, mine-run coal is utilized for the production or 
high-temperature coke. In the Saar area, the average screen analysis of 
this O.4-inch washed slack shows 48 percent through a 1/8-inch screen and 
6.5 percent through a 100-mesh screen. When crushed for charging to the 
high-temperature coke ovens, the percentage through a 1/8-inch screen in- 
creased to 78, and the percentage through a 100-mesh screen increascd to 
l2. The normal charge to the Krupp-Lurgi oven shows about the same screen 
analysis as those given for the charges to high-temperature coke ovens. The 
coals going to the Krupp-Lurgi ovens preferably have a screen analysis of 
about 77 percent minus 1/8-inch and abcut 5 percent minus 100-mesh.2/ The 
bulk density of coal of this screen analysis when charged, containing 8 to 
10 percent moisture, was about 48 pounds per cubic foot. Experimental runs 
with finer grinding of the coal charge resulted in coke of lower strength 
(drum stability) and higher breeze (coke of minus 1/2-inch size) contcnt. 


In the Saar, coal from the Velsen mine was used in the Krupp-Lurgzi 
ovens, In this mine three levels at 00, 500 and 600 meters are new pro- 
ductive, and the operators report that the coal in all beds on the present 
operating levels is uniform in character, and that all coal produced is mixc¢ 
indiscriminatcly in the surface plants. Table 1 shows an analysis reported 
on the coal from the Velsen mine. Apparently, this sample had been washed 
and vartly dried. 


TABLE 1. - Analysis of coal from Velsen mine in the Saar 


Percent . But/ib. 


H,O {Ash +: C Ho | S | N | O5 | But/1b. | pure coal 
1.06 [2.54 [51.34 | 5.1 10.72 | 0.97 | 7.19 | 14,3600 | 15, 080 


Buuggemann, K., Operating Results of the Low-Temperature Coke Plant o 
Krupp-Lurgi Design at the Amalie Mine of F. Krupp, A. G. Essen; 
ieee Berichte, Technische Mitteilungen Krupp, vol. 6, 1535, 

pr. 50-55, 
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The operators of the low-temperature coke plant at Velsen, Saar, report 
that the moisture content of the coal charged to the ovens ranges between 9 
and 10 percent, and. that tho ash pee), ranges between 4. and 7 percent. The 
ee contont of Vcolsen coa is approximately 34 porcent (dry 
basis). 


charg ing the Ovens 


Each oven has six carbonization cells, Sack of which, in the latest- 
type plant in the Ruhr, has an average width of 3- 1/2 inches. All six. cells 
ace charged’ simitaneously. - . The correctly predetermined volume of coal is 
fed in a strcoam into coach cell by passing through rolls. As the coal is fed 

in, a tamping dovice the length of the: oven and of somewhat smaller: width 

is raised and lowered. These six temping deviccs, working from the charging 
car, servo lator to help push the coke from tho ovens. In charging,,. the 
tamping devices serve to increase the density of the charge by about 8 per- 
cent. Expcricnce has shown that this increased donsity improves the quality 
of the coke produced. Time requirod to tamp in tho charge is 1.5 to 0 

minutes. The top -surfacos are then cleaned beforo the cover can be re- 
placed on the oven;'-this clcoaning takes about 2 minutes and is a disagreeable 
operation, as within about 2 miriutes after the coal first enters the oven 

the tar fog becomes at ae ae i : i x : 


Figure 3 shows a new dosign of charging machine Cnet has book built at 
the Ruhr plant. With this machino, ‘the coal can be charged to the oven in 
15 seconds, and the increase in density over that of the untamped coal is 15 
percent. This is obtained by a “free“ fall of the coal charge of 15 feet 
from a hopper through guiding slots. into the individual oells. It is claimed 
that a vniform censity from top to bottom cf the cell is achieved by this 
method, and that tamping is not required. Experiments with a "free" fall of 
e> feet were said to give a <5 percent increase in density, but the. charging 
machine became too unwieldy. It was somewhat danzerous during high winds. 
By using this’ new charging machine, the nuisance from tar fog during charg- 
ing is-avoided. The coal charge to an oven without. tamping is 3.0 tons, 
When the charge is tamped sufficiently to give an € percent increase in, 
bulic So the charge ner -cven is 3.24 tons. 

seh Saar plant, aim oven nates weighs 1,éc tons, and the coke pro- 

eee a this change worene? eee 1 ton, which oes the yicld in coke to 
about CO ececents” 7 ae 


Carbonization ‘Time 
The total time for éavocnization depts somewhat. with the bulk ae eity 


of the charge, but for the Ruhr plants it averaged betweon 5-1/3 to 6 hours 
gross coking time. This includes the charging time, ranging from 1.5 to 6 


Meyer , F., Results of Low-Temperature Coking Tieton Pianta: G. W. F. 
“Gas Ue ‘Wasserfach, vol. 8, 193T, pp. 59- 93. 
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ree 2 minutes for: cleaning the top surface of the ovens and siesiae the 
top cover, and 5 to 5 minutes for discharging the coke at the end of carboni- 
zation. This ‘carbonization time corresponds to an oven-wall temperature cf 
about 600° C 


Oven Design  _.: 


Asgwas mentioned before, each oven contains six carbonization cells, 
and'in the newest Ruhr plant-each cell is 10.5 feet long, 6.9 feet high, 3 
inches wide at the.top. and } inches wide at the bottom. The cells are 
separated by heating flues, the: walls being ordinary boiler steel plate nearl: 
l inch thick. All-welded construction is used. ~The heating flues are of 
cellular construction where the maximum dimensions of a cell is not more 
than abcut three times the thiclmess of the webbing or .baffling. Thus, the 
vaffles serve both as structural memters and also to direct the recirculet- 
ing hot gases in Suc a manner a8. uO? omen uniform heating of the ccal 
charge. . (ee a Pet as | 


Figure |} is a scale drawing showing the eection.through the top of the 
Krupp-Lurgi low-temperature carbonization oven. Figure 5 is a scale. drawing 
showing details of construction of a battery. of four ovens, which are heated 
by one stove. Figures 6 and 7 are photographs showing two views of the 
ellintical openings through which the recirculating hot gases enter and 
leave ths heating cells.:: Due to the taper of the carbonization ceils, the 
taper is in 4 reverse direction in the Tlues, | which, of cource, are narrower 
at the poten than at the top. 


The steel used has a steenetn at room emia me of about 7, 000 
pounds per square inch, and this. strength decreases rapidly above the 300° 


C. until at 600° C. it is reduced to about 1 percent, “or TO pounds per 
square inch. : 


It is interesting to note that in ates iors pepeae aie in 1928, the 
authors discuss controlling the tempereture at the entrance of the cells for 
temmeratures not exceeding 630° to 640° C, Later information indicates thet 
620° C, at the entrance is the recommended operating temperature. The opcre- 
tors report that some difficulty was encountered with distortion of the walls 
of the end flues, but this was' remedied by adding special support within the 
refractory housing that surrounds the metal chambers. Although. samples c? thc 
‘6teel were taken periodically for metallurgical inspection and test, little 
carburization, decarburization, or oxidation was observed. The tests shoved 
that the metallographic structure of the stecl did not change appreciably 
with time. Some of the ovens were riot cocled for 5 or 6 years. The wall 
thickness decreased about 0.02.inch per year, and:experience indicated a 
life of 10 or 12 years could be- anticipated, The latest plant in the Rutr 
used stcel for tho oven walls 0.95 inch thick. The carlier Saar plant used 
stecl, O. 89 inch. thick. 7 ee ac ee | 


To holp preserve the metal walls, an oxygen recorder was used to helf 
control the oxygen content of the recirculating hot gases to mintain the 
oxygen content betwocn 0.8 and 1.5 percent. 
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Figure 4.- Section through top of Krupp-Lurgi low- 
ereen carbonization oven. 
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Figure 7.- Recirculating gas ducts. 
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Figure 8.- Gas burner and air preheater. 


Figure 10.- Krupp-Lurgi low-temperature coke. 
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Figure 9.- Coke breaker. 
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scretimes, for one reason or enether, local buckling of the oven wall 
occurs, and the operators at the Ruhr pliant have develoved two types of 
equipment, one mechanical and the other hydraulic, to flatten the metal 
walls, They tecsan to use “vase equi pment after the ovens were e or 4 years 
Sids 


Fisure 2 shows details of the coal-supporting slide grate that was 
coullt into the newest oven. This slide grate cr grid serves to hold the 
coal charge in the overis by closing the bottom of the carbonization cell 
sc that the bottom dcor serves simply as a gas seal and does not support 
the coal in any way. Befote the coke is pushed, the crate is moved far 
enough so that the openings in it correspond with the carbonization ecéli, 
and thus the ccke is free to fall out. the bottom of, the oven. _ 


At the Sear plant, the average width of the carbonization cells is 
Ce 3/4 inches, instead of the 3 1/2 inches found at’ the latest Ruhr plant. 
The reason for the narrower cvens in the’ Saar is that the Velsen ccal car- 
honized there is less strongly caking than are the Ruhr coals. More rapid 
heating tends to make a better coke of the more weakly caking coals. 


Heating ‘the Oven 


In the newest ovens in the Ruhr, the gas used for heating the ovens 
wes the residual gas from the Fischer-Tropsch synthetic liquid fuel plant. 
This residual gas had a calorific. ‘value of-about 200 B.t.u. per cubic foot. 
the temperature of the recirculating gases where they enter .the.oven is 
maintained constant 4t 620° C. by automatic ‘control on the pressure on the 
combustion gas going to the burner’. Temperatures measured in the heating 
sell averaged about 5959 C. Even at the maximum heat demand at the beginning 
cf the coking period, the temperature measured in the heating cell was only 
16° C, less than at the end of the coking time. 


When low B.t.u. gas is used for heating the ovens, it is customary to 
preheat the gas also before sending it to the burner. | 


To insure long life ‘of the stecl oven walls, it is important to avoid 
excess air for combustion in the burner in order to mintain a reducing 
atmosphere in the recirculating hot gases. On the average the gas recircu- 
lates about 12 times, that is the makoup gas for maintaining the temperature 
1s about one twelf th the voluntic of the recirculating Gases. 


Tho : fen for eoeieadieaG the. het gases is built of special chrome stecl 

and has shown no corrosion or trouble dve to burning away. Figure 8 is a 
photcgraph showing the gas burner, brick-lined ducts for the recirculating 
$ases, and the air preheater, The.low brick wall surrounding the burner or 
etove was built to lessen probability of bomb damage. The hcat consumption 
with these low-temperaturo carbonization ovens is about 900 to 1,000 B.t.u. 
per pound of wet coal (10 percent water) carbonized. This comparcd with a 
heat roquirement of 950 B.t.u. for a similar coal carbonized in Ctto high- 
temperature coke ovens. 
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Pushing the Coke 


At tnc end cf the carbonizing poriod, a little over 5 hours aftor 

charging, the bottom door of the oven is lowcred, the grate arrangement 

is movea so that the slcts of the grate correspond with the slots in thc 
oven, the top cover is removed, and,. if the coke does not fall by itscl’ 
into the quenching car undor the oven, it is started by a push from accve. 
The coke falls into the quenching car in large slabs, most of it bcing in 
slabs scveral square fect in area and 3 to 4 inchcs thick. Normally, the 
operators report very little pushing difficulty. Some work has been dcne 
with dangerously expanding coals in the low-temperature carbonization oven. 
Cf the Ruhr coals, these considered to be in the class of highly expandir 
coals fall into the range of 18 to 21 percent volatile matter. Experiment: 
were made by charging one such coal of 19.5 nercent volatile matter, which 
{s well lmown as a strongly expanding » nonshrinking, coal. This particuls 
coal can be used in high-temperature coke ovens only after being very fine! 
pulverized, ana can be used only when special precautions are taken to min 
tain low bulk density in the oven. If used otherwise, pushing is very d:°- 
ficult dnd the oven walls show damage after a short time. This coal wés 
charged to the low-temperature carbonization ovens without further pulver!- 
zation.and without lowering the ncrmal bulk density. No effect was noted 2 
the walls of the carbonization cells, and the coke could be pushed easily. 


Coke Handling 


Ta the Saar, as @ temporary expedient, the coke was quenched by heu-7, 
the quenching car through a tank of water with a cable. The cperators 7¢- 
ported that this system was not satisractory and that it was put in only 
because cr a scarcity or funds to cover the construction cf an ordinary 
Quenching station. As the coke pieces from the cven are too large for: 
commercial utilization, it is necessary to crush them to usual commercisl 
sizes. Because of the extensive crushing necessary to obtain this size 
reduction, crdinary crushing procedures led to the production of excessive 
amounts c* fine coke or “breeze.” To lessen breeze production, a specisl 
coke-breaxing installation was designed and built. Figure 9 is a aiegrar- 
matic sketch of this coke breaker. As shown, the coke is broken by impact 
from rams. The cpcrators report that with this contrivance, only 9 percers 
of the total coke is less than 1/2 inch in size, as compared with 22 porors! 
when a roll crusher is used. However, from published screen analyses cf 
commercial low-temperature coke, it appears that 12 percent of minus 1/2- 
inch breeze would be @ good average production figure. Ordinarily, abcut 
7O percent of the crushed coke remains on a 2@-inch screen. 


Coke Properties ‘ 


Figure 10 is a photograph of two typical pieces of low- temperature coke 
made by the Krupp-Lurgi process. Normally, there is no evidence or an 
center line or tendency to divide at the plane midway between the cven Wo. 
In other words, the picces are uniform from cven wall to oven wall ané do 
not break inte “half oven-leagth" pieces, as docs high-temperature ccke. 
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in Germany, the universally used method of evaluating the physical 
properties of coke is the tromnel or drum.test. This test is made in a 
drum 1 meter long and 1 meter-in diameter, which is rotated‘for 100 revolu- 
tions witn a charge of 110: pounds of the coke being tested. The drum sta- 
bility is then reported as the percentage of the coke remaining on a 1.58 
inch screen. With high-temperatire coke, a drum stability of 70 percent is 
considered eros for prec Ulneee coke.. 


LGastemperatas coke made in the 2- -3/ L inch + ovens in the Sear ranged 
in drum stability from 50 to 80, the apparent specific gravity wag 0.8, and 
the percent porosity 42 to 45, "the large sizes of coke contained eet: le 
percent volatile matter, whereas the fine sizes contained 16 to 18 percent 
volatile matter. Typical coke made in the 3-1/2-inch ovens in the Ruhr 
plants has the following sacle aia Ash 5eC percent; volatile mat- 


eeteeer eu 


test 3.8 penceace sulfur (asti- free basis), i. O Decca. gross heating 
value (ash-free basis}, 14,800 B.'t.u. per pound; ignition point, 396° C.; 
porosity, 50 percent; eum stability, 76.5 percent. Compared to high- 


oer ee? 


original eda, as. compared vith 15 per cent for ae ss rai coke. 


es 
Since about.12 percent of the total production of low-temperature coke 
is minus 1/2+inch breeze, it is fortunate for the economies of the process 
that, in the Saar at least, there is a good demand for this low-temperature 
treeze for admixture with their coals going to the high-temperature coke 
ovens. High-temperature coke- oven charges of 100 percent Saar coal yield 
coke of a quality too low for use in blast furnaces. However, if blended 
with finely pulverized'coke breeze or, preferably, with fincly pulverized 
low-tempcrature coke breeze, a satisfactory coke can be produced. ‘For ex- 
ample, the drum stability of high-temperature coke madc from 100 percent 
Heinitz coal is 36 to 40 nercent. This compares with 60 for an 80-20 mix- 
ture of Heinitz-Ruhr coail,'50 to 60 for a mixture of 94 percent Heinitz coal 
with 6 percent of finely ground high-temperature coke breeze, and 70 to 80 
for a mixturo of &4 percent Heinitz coal with 12 percent low-temperature 
coke breeze and 4 percent high-temperature coke breeze. Thus, experience 
at the high-tomperature coke plants in the Saar show that by uso of coke 
breeze in the mixture coke can be made ‘that. is nearly: as good as that made 
by’ blending with ee Ruhr coal. 


Byproduct, Recovery 


In the Ruhr, ene raw gas cnters tlie. primary cooler at about 190° C. , 
and the heavy tar is: collected therein. The gas then goes to a Lurgi- 
Cottrell precipitator at about, 150° C.. for removal.of tar fog and to an 
indirect cooler for collestion of Light tar. The pressure drop through 
primary cool Lory electro aed and indirect cooler is 16 inches of water, 
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The three tars are combined into low-temperature tar (Heizol "s") and, 
after removal of the benzine, amount to 6.4 percent of the dry coal charged. 
Although the yield, analysis, and physical properties of the tar depend on 
the coal charge, a typical analysis for low-temperature tars from Ruhr ccal 
is as follows: Specific gravity at 20° C,, 1.06; Engler viscosity at 20°C 
40°; softening temperature, 5° C.; flash point, 96° C.; insoluble in benuene 
O.7 percent by weight, and in aniline, 0. 12 percent by weight; tar acid 
content, 30 percent by volume; pitch of 70° softening point, 35-.percent by 
weight; and gross heating value, 16,650 B.t. U. per pound. The distillation 
analysis of the tar is as follows: : 


OG, '" Percent by volume 
OG Sy auss | aversrarnerens See 0 
a] ©! vase acostava ue @iacares 15 
COO? «deus aaeiecees 4.2 
OOO! o-cteaisew ees 23.0 
DO) wares wise cees Ge pnavees 40.0 
FOO’ ass arebaers were eis 53.0 
560. Cac oe ease asus 66.0 


The heavy tar, when dried to less than 1 percent water content, was 
used as a fuel by the German Navy withoyt further refining. The miscibilit; 
of the low-temperature tar with other fuel oil has been studied and the 
results published. t | 


After the removal of tar, the gas goes to the ammonia washer, and the 
dilute ammonia liquor is used for quenching the coke. The gas may then be 
either sent directly to a gas holder or compressed to 10 atmospheres, cocle: 
freed of sulfur, and then passed through 4 Feld washer for recovery of ber- 
zine. The wash oil used in the Feld washer is the light tar condensate frc= 
the indirect cooler that has been debenzinized. The benzine recovered 
amounts to 1.25 percent, based upon the dry coal charged, and in the Ruhr 
has the following properties: Specific gravity at 209 C., 0.820; octane 
number, 90; phenol content, 0.8 percent by volume; base content, 0.5 per- 
cent by volume; aromatic content, 50 pertent by volume; olefine content, 
15 percent by volume; distillation begins at 50° C., and 25 percent by 
volume distills up to 100° C, and 96 percent up to 195° C. The Feld washer 
reduced the benzine content of the gas from 70 grams per normal cubic meter 
to 3. The gas yield amounted to 3,200 cubic feet (60° F. and 30" Hg) per 
ton of dry coal, and a typital analysis of the gas produced from Ruhr ccel 
is CO., 2.6 pescene saturated hydrocarbons (S.K.W.), 2.4 percent; oxyger, 
0.0; Garbon monoxide, 3.8 percent; hydrogen, 25.7 percent; CH), 59.5 per- 
cent; No, 6 percent; gross heating value is 830 B.t.u. per cubic foot. 


With regard to the differences in yields between high-temperature 2 
low-temperature coking, the following data are illuminating: For 100- 
pounds cf dry coking coal with, for example, 28 percent volatile matter col 
tent, one obtains, by low-temperature coking, 6 pounds of fuel oil; with | 
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high-tcmperature ae Caio Hsia & to a tan yield of Be a Soeent): de!) 
pounds (including naphthalene .and anthracene), B/ Much of the high-tempera- 
ture tar, all of which mst be processed, coriés from the distillation sten 
as pitch, for which there is relatively little demand. Adding the light oil 
yields, then, from low-temperature. col:ing, the totul usable liquid fuels 
amount to 6.6 pounds, as compared with 2.4 pounds with high-temperature cok- 
ing, when the charge is 100 pounds -of .dny coal, With regard to phenols and 
cresols, Demann reports that low-temperature distillation gives about 10 
times as much as high- Lome: Stabe: eoking.... 
In the Saar. plant,’ the’ tar: yield. amounted to’ about 8 percent of the 

coal (dry basis), and this tar was obtained in three fractions. The first 
fraction, in the pipe line from the oven to the primary codler, was heavy 

tar amounting to about 0-7 percent of the weight of the coal; the seccnd 
fraction, frou the primary cooler, called ‘middle ‘tar, amounted to about 6 
percent of the weight:-of -the coal; and the Pinal’ tar; or light tar, amounted 
to 1.3 percent. nove Senen content, of the tar was’ not mere than 1. 5 percent. 
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Cost of, Plant and’ bneratibn oe 


It = reported that the ently re agosto the Krupp-Lurgi plant at Wanne- 
lates Was eee cheap, and ok ovens in 1945, when labor was relatively 
expensive. A new plant of 24 ovens and the secs seu sneet for this opera- 
tion cost abeut 800 thoypsand dollars. 

About 100 men are required to eee: Bocce each of three shifts 
for the 2 new ovens, an equal number’ “or the 32 old ovens, 1 man on each of 
three shifts in the bunker house, ‘arid ‘the rest in’ the byproduct plant. Wages 
paid were 95620, to $h.ko per day. 7 a ere 


©“ Ras yg Oe ee 
ee. 


At the time anen the Saar plant had a coe ctty of spout 35 tons per day, 
it was reported that. tne. pee required 3 WoEeeee s and 1 foreman for..operation. 


“ee ae 


~--Pable 2. gives. aoe on .thq cost of cper'ation’ of the Krupp-Lurei low- 
temperature plant in the Saar,” The “rola ative edst and realization on the 
products arc given for both ‘Aigh- tonporature and Low-tomporature coke. 

in this comparison of the sal. oF ni ghstempevatunc and low-temperature 

cneration, it should-be remembored that the scale of the two plants is mich 
aiffercnt; that is, the high-tempcrature coke plant had a through-put of 
several thousand.tons per day, wherees the low-temporature coke plant was 
- based on a plant oS a. een -put of less than 150 tons por day. 


Esiotemercture core ag Raw Natorial for Chemical and Metal- 
— lurgical Processes: Gluckauf, 1957, pp. 1101- 06, 
3/ 1 Roichsmark equals $0.40. 


o/ Demann, W., 
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‘TABLE €, - Comparison of cost and realization on products of 


high-temperature coking and low-temperature 


colcing at Velsen in the Saar 


i High- Lowe 
. jtemperature | temperature 
Item 


Yield (dry basis): © ; 
COhGy DOVCENU ds s.ccicscew a bite ceaeu eusesawirs 
TAL, PELCENL ciseecececceccecrverccesceposens 
Ges, cue ft. per ton Oe 
Liquor, percent Coe eee serecesesccecocercces 
Ammon &., percent ec 


Cost (basias 1 ton coke, “5 percent moisture): 


Coal rer ee To re re eee ee ee 


Labor eect ee wc cers eter eccgereseverevsveoees 
otean . ee ee ee ee ee a ee ee a 
Power ee ee ee 
WEE EL wie axes. 6:9:6. ws wie oie aap eto pele el ete woo Were eee as 
Materials Pre ie a ee oe a ee ee ee 
PULA y WAVEL LADS 6% 666sae as Sob ee 6 ee ele~s 
Amortization Beara ae bneeie ee Wie See Owe ee wae 
““OVErNGAd: caansasegegeueew esse csueseeeseoeen 


Total oeoeeveeoeoveseseeeeoeveneweseeaeeaen reese eee 


Realization on products (basis, 1 ton.coke, 5 
percent moisture): 


Coke RPP rae OL eee OP OMe gle tier eee aie er Get eek ae ae eee 


e e ae 
Cee Vows 
OVO OW UNO WN 


aad - 
rFIOOODOSo9O99O 


Tar Oe ES 208 GCOS eR GSE Ae OS OOO 10 OR Pre OOe 88S 


GES ceeccccenccceccccerecerossvsecessocegees | 0,83 - 
BenZOl seccsccevccccnerccscveccvecsesacsscone | 2.16 0.72 
PTO: 15 ate G-5 155 ow uo ore ao eo. 051 ew eee es WS Pee 0. - 
{TORAL, Geaswanviaciae nce enesawueiien: | Les0 eed 
General costs: | : 
Powers Per KWs .c6. sie ceeseew i ieeaateceepeess  SOsCL $0.01 
Water, Der tOn pecveseccecerecccececscypeces | . 0,018 0.018 
Stcam, per UOMseeciga nee ee sect vesuaeyeereass | 0.072 | 0,072 
COAIES, DEM. CON: a :sieraceieo'6 oie 6 aaceere Sore qeenwiew wave. 9) ; 


| The low-temperature coke in the Saar in the size 3 inches by 3/4 inch 
sold for from $9.35 per ton to $10 per ton. This compares with the price 
for high-temperature coke of $8.65 per ton. The low temperature coke in 
the O to 3/h-inch sizes sold for $5.95 per ton, 


Utilization of Low-Temperature Coke 


In Germany, some low-temperature coke was used in lccomotives and 

- steam trains and resulted in-smokeless firing, The higher reactivity of 
the coke made it especially suitable for suction gas producers on auto- 
mobiles. It was especially useful, also, in Germany in stationary Diesel 
plants, where it served as a gas-generator fuel. In these plants, it is 
reported that 2 kilograms of low-temperature coke replace 1 kilogram or 
Diesel oil. 
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In the Ruhr, at the Wanne-Fickel plant, two of the ten water-gas 
senerators producing synthesis gas for the Fischer-Tropsch plant fcr syn- 
thetic liquid fuel operated exclusively on low-temperature ccke. It was 
claimed that this coke gave water-gas with a 1.35 ratio of hydrogen to 
carbon monoxide, which is considerably better than is obtained from high- 
temperature coke. Such gas would of course, require less conversion by 
the shift catalyst to make synthesis gas. Only large coke was used in 
the water-csas machine and the small coke was sold fer house heating for 
which purpose it preved to be an excellent fvel. The operators of the 
Wanne-hickel plant in the Ruhr state that the combination oF low-tempera- 
ture carbonization with the Fischer-Tropsch synthesis plant gave a total 
oil yield more than 30 percent greater than the combination high-temperature 
coke with the Fischer-Tropsch plant,: Ancther suggested use for low- 
temperature coke is in the production of ferro-silicon with high silicon 
content. With high-temperature coke, the silicon cortent is apparently 
limited to 77 percent but by the addition of wood charcoal, petroleum coke, 
cr low-temperature coke the silicon content can be raised to 90 percent or 
more 22 It has also been proposed that the high reactivity of low- 
temperature coke would make it of interest to the manufacturers of calcium 
cerbide. | 


In this country, of course, the major interest in low-temperature coke 
would be for household heating. In the size from 3/4 inch to 1-1/2 inches, 
German tests indicated thet the low-temperature coxe made an excellent fuel 
for ordinary household stoves.il 


Since German practice has shown that virtually all the coals in the 
Ruhr, covering 2 wide range of coking properties, made satisfactory coke 
in the Krupp-Lurgi ovens. is process shows promise as a method by which 
cities with outstanding smoke problems can utilize the cheapest coels in 
their area. The high reactivity of this low-tomporature coke makes it easy 
tc ignite, quick to pick up the heating load, and it is repvorted to hold 
the fire well. 
Goneral Principles Involved in Kru 


-Luvei Process 


The salient features in tho Krupp-Lurgi design include (1) carbdni- 
zation of the coal in a static state while confined in a narrow snacc be- 
tween stationary, indirectly heatcd walls of stcel; (2) use of a method of 
heating that is subject to precise temperature control; (3) tho greatest 
possible avoidance of moving parts cperating at carbonizing temperatures. 


In general, low-temporature carbonization by means of rotating drums 
or ovens, in which the ccal mass is agitated, or stirred, or kept in motion, 
has a tendency to form coke of small sizes and of low physical strength and 
a low-tommcrature tar that is so contaminated with dust that sy a 
processing procedurcs must be omployed in order te use the tar.=¢/ When 


10/ Sco footnote 6. 

ll/ Mvoller, F., The Manufacture and Use of Low-Temperature Coke: JZoit- 
ccohrift des Vereincs deutscher Ingenteure, 1926, pp. 1605-11. 

le/ See Foctnete 6. 
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strongly coking coals are heated, thoy become plactic and tend to foam, The 
stationa:y walls of the Kruop-Lurgi: cven exert a force cr pressure thet 
results in a more dense and stronger ccke than would be cbtained with free 
rwellirg in other precesses. With regard to the use cf steel for oven walls, 
the designers of the Krupp-Lurgi ovens feel that in crder that the steel 
walls mey have a practical length of life, it is essential that local over- 
heating or direct impingement of gas flames on the steel mist be avoided. 
Also, it is important to avoid excessive temperature changes in the cven 
walls during the cycle between charging and pushing. As the strength cf 
steel at carvonizing temperatures is less than 1 percent cf its value at 
room temnerature, it-is important that stress or wear on. such steel parce 
be eee in the dosten of the process. 


There are some ee fundamental differences re the high- 
temperature and low-temperature coking processes. In high-temperature 
coking, rather sharply defined and narrow plastic zones formed by the 
melting coal move steadily inward as the time after charging increases, 
and the plestic zones finally meet in the middle of the oven at the end of 
the carbonization process. Most of the gas developed comes from the nigh- 
temperature side of this plastic zone. In the narrow Krupp-Lurgi low- 
temperature oven there is no well-defined plastic zone, but the whole cven 
content is in a plastic satace at almost the same time. The designersiz/ cf 
these ovens believe that the formation of a good low-temperature coke a 
ponds on the rapid rise of temperature in the plastic zone (350°-450° Cc.) _ 
of the coal, The more rapid the temperature rise in this range, the more 
closely all the components of the coal melt toyethor simultencously te form 
a strong coke, 2Y/ | | 


Taple 3 contrasts the manner cf temperature rise at the point midwoy 
between walls of the narrow, low-temperature coke ovens and at the mid- 
point in normal hish-tempcrature coke ovens. It will be noted that a 
tempcrature in tho middle of the low-temperature ovens starts to ris 
immediately after charginz; and although the coal hes & to 10 eeLeunt 
water in it, the temperature riscs through tho 100°: iG; temperature ane 
any obsorvablo Plat zono in the curve. The operators of the low-tempersat 
ovens report that coal with @ percent water content has bcen observed a 
completely dry onc half hour ofter charging. Special tests havo shown aha: 
although the water is driven from coal in half en hour, nevertholess, after 
i hour almost the entire coal content of the low-tempcrature oven still 
-oxists unchanged @s coal. Only at the walls has the coal begun to soften. 
However, at the end of 2 hours, almost the whole coal charge isin a plastic 
state. Only in the very middle can a thin shcet of unchanged ccal be secn. 
After threc hours the whole coel charge is completely plastic. This can vec 
scon from the temperatures. in table 3, whore, after 3 nours, it is noted 
thet the temocrature is 430° C, at the point midway betwoen the oven walls. 
In other words, the whole charge has a temperature above 4300 C. and, thcre- 
foro, has been converted to low-temperature coke. 


This type of oven was doveloped by Dr. Ing. J. Gollcr with the enccwsic: 


ment and support of Dr. ing. Fritz Mueller,. director, F. Krupp, Inc. 
14/ Sce footnote 5. 
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TABLE 3. - Contrasting temoerature effects in 
high- and low-temperature coking 


Cine, Hours’ eveseseee 6 2 “ee SW ee wise 36° oe oh 


Temperature in middle | . 
of Low-tempe rature oe ee fe os ; 7 
oven, [Cs seeesasee . 20 240 360 430 4900 530.600 600 600 600 600 


Coupe rature in middle 
of. high-temperature a | 
coke. oven, °C. ssee 20 100 100; -100 100 100 100 120 510° 870 1000 


It has Seen su Pree ere as ine sais ane varies with the 167 yovwer 
of the oven width, i the designers or these ovens selected 3~1/2 inches 
average width on the basis of. en through~put yhon BE AOM2neS: is made for 
charging pat yeornrerse i | — . & we 7 


“Special tests: faves shaw that ‘the ee ietiiesna tes sentient of the fin-* * 
isned: coke at the. midsoint ‘Detween. the oven walls is. virtually the same. as 
the volatile matter content o* the coke near the oven:walls. Further tests 
snowed that if tne coke were: left in.the oven.for e@ hours longer’ than the 
normal coking time, its: pronerties would not change aporeciably and the 
volatile matter. content cecreased only about.one half of one percent. That 
is, it decreased from 3 1 to G66 percent with the additional 2 hours of 
carbonization. ; ; ) 


With regard to the selection of coals best sulted to low-temperature 
carbonization in these ovens, the most interesting coals in Germany are 
those with a volatile-matter content of 27 to 38 nercent. SBesices giving 
a low-temperature coke of excellent »roperties and a high tar and’ lignt oil’ 
yields, these:coals are not.esnecially. suited to hish-temocrature coking. 
that is, unlesa blended with lowvolatile cobls, many of the: egoals in this 
nner Go not. ore cone strong enough for metallurgical usesb® 


ee 


‘Special’ Seste on. Several Gon als 


. Special esperinints: on pilot-plant Scale with different coals showed ; 
thet when & gas-G0al of 30 percent volatile-matter cortent was mixed with : 
25 percent of a fat coal of 25 vercent volatile-matter content, the crun” 
stebility was increased fron 6& percent on & 1.58-inch screen to 72 per- 
cents. Thé tar. yield, based on dry: coa 11, was reduced from 6.4 percent to 

6.0 percent. “When the gas coal was carbonized “by itself, some svonge coke 
wag formed in: ‘the plane mid wey detween the heating walls. This snonge coke, 
however, wos not soft enouzi ‘to Tower avoréciabl-: the drum test on the coke. 
Some sponge coke was also formed on the top surfaces of the heating cells ~~ 
under the cover of the ovens. ne addition of 25 percent of fat coal cliimi- 
nated the soonge coke, It was found, also, that, the gas coal could be car-. 
‘tonized without “admixture ifsit were taxiped ‘into the oven 80 as to raise the 
oulk density of tho charges ; ; 
15/ Mueller, Bes Low-Termerature Coking “Of Bituninous Gari: Oel and xXohle, 

vole 12, 1936, on. 543-549, 

16/ Sce footnote 5. 
l7/ See footnote 5. 
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homer experiment was eae on éoal of 33 ‘percent volatile matter don- 
tent thet was poorly coking. When crushed to a normal fineness of 78 to & 
percent to through 1/8 inch-screen and charged to the ovens, only a very soft 
coke was formed, which adhered to the carhonization cell walls. When this 
coal wag charred in a screen’ size of only 62 percent through ‘an’eighth and 
1.8 percent through 100-mesh screen (bulk density of the wet coal, 56 vounds 
per cubic foot), a relatively strong coke with a drum stability of over 50 
percent was formed. The crushed coke showed a yield of 68 percent on a 2- 
inch scréen and about 15 percent breeze (through ‘a 1/2-inch screen), This 
experiment indicates that coals ranging widely in their carbonizing proper- 
ties can be made into 4 satisfactory low-temperature coke by controlling 
the der ‘density of the eneree to ee oven. 


Some eeaesees tests were aes in the Saar on various coals in that 
district, The low-temperature coke made entirely from Velsen coal (see 
table 1) has a ‘uniform structure and shows no’tendency‘to form pieces of 
"half-oven" length. Coke made from mixtures of Velsen coal and more. 
strongly coking ¢eoal (Heinite) has small cell structure near the oven well 
and coarser cell structure in the center. Coal from the Saarschacht wine, 
which ig considered noncoking (oxygen content over 10 percent), yielded a 
powder in the low-temperature coke ovens Coal from the Heinitz mine yielded 
a weak coke with coarse cell structure. ‘One-half to two-thirds Heinitz coal 
with one-half to one-third Saarschacht yielded a product similar to Velsen 
coal. This shows that a strongly caking fluid coal, if mixed with one- 
third of eee coal, yields & satisfactory product. 


With regard toons carbonization of beeaucttes in the Krupp-Lurgi 
low-temperature carbonization ovens, successful trial runs were made, car- 
bonizing in these ovens briquettes made from noncoking bituminous coal. 
Specimens of the carbonized briquettes, ovoids about 1 inch long, were 
dropped on the concrete from a height of 6 feet without breaking. These 
briquettcs were reported to have been made with 5 percent coal-tar pitch 
for a binder and to have given no trouble by deforming or agglomerating 
during carbonization. The carbonizing time was only 2-1/2 hours at 600° C. 
A lot of 5 tons of briquettes made from bituminous coal without binder ‘werc 
also carbonized at the Saar plant, with a coking time of about 2-1/2 hours. 
No difficultics were encountored in this operation, and briquettes made a 
firm carbonized product. 


Rather interesting experiments were made to determine the composition, 
of the volatile-mattcr content of the low-temperature cokc.-—~/. The coke was 
heatod in laboratory equipment to 1,000° C. by the. Bauor procedure, The . 

resultant eae of distillation products (dry -coke faces is shown in table 


The gas slices 6.48 percent by weight of ee dry coke had hee 
following composition: CO, 7.4 percent; Ho, 77.2,percent; CHy, 12.5 percent; 
unsaturates, 0.3 porcont, No,2. 6 percent, donetty , 0,223 percent. 


ld/ See footnote er 
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TABLE Lh. - Distillation products formed when low- 
: Lompera ture coko is heated > 
to 1,000~ C. 


—— 
‘Percent by weight 

Gas (exclusive of C09, HoS, Cate) sitceabye oi 

Carbon ALOXIde] weceeewccrvccsccccccpers | 0.92 
 Hydregen sulfide cccccscusvacsespesccee 0.06 

Lower boiling hydrocarbons ..csveccssce 0.03 - 

AMMONAG,. .6:5:6:6:0.4:656.04 SNG6'e 6 0.0 0 ee peo w0-0% 0.27 

TOY cocscccccccccccscccsvavcsevcsscsers 0.06 

Water of constitution (liquor) ........ 17) 

9.5 


From the viewpoint of production of smokeless fuel, it is interesting 
to notc.that the tar yield of the original coal is oduced 99 percent by 
low-temporature carbonization; that is, from. 6 porcont to 0.06 percent. 


Other lab -atory Septnimonte were nade on & miner of coals in & cast- 
iron rotort.2?2 Tho retort carbonized.the:coal in & sheet about 4 inches 
thick and contained about 12 pounds of ‘coal, £9/, The results of tosts in this 
apparatus on six coals ranging in volatile BSEeE content arom? to 38 por- 
cont are givon in table 5. 


TABLE 5. = Carbonizing proportics of soveral ccals: at 600° Cc. 


| Coal | A B C D KE {F 
Proximate analysis of the coals: 
Water. DOrCUntl ss scseesccesancteseaes I. JOc0 | 8.21 9.61 7.6} 9.2] 9.4 
Ago Vercenu-<weiseuwcwereeuweeee eevee. Oy) 1h Deel, Peo Oe Pe7  Del 
Volatilo-mattor content, percent .... | 19.0 [22.8] 26. | 30.3 | 33.9 iia 
| l 
Yield bascd upon dry coal: , ; | | 
Tas WeEMCeCnt Ls xci eee ekackesweeece ||) S00 -bel) Osd7) CeO bf Os0 | 1066 
DGNZONC: 66 swewaaceugs sae seeaewese es, |. Ort fOr ho 25 07 67 Zs) 
CORO. OEPCOM esersGannwis be sundaes dee [Oost 100.5% CeeO | Toxo | lise tatse 
“AQucr, PELCCNb. nas. case ewer eeeewen | yes | 2eo eso | SO: eC le 525 
GOS, POFCONt coseseesccecccesceceeves | 569 | 5.8 7.6] 9.41 9.1 | 8.9 
Porcontacc of tar boiling below’ 360° C. |.53.1 150.5 | 60.6 | 62.1 | 68.0 | 63.9 


4 
Percentaze Of tar @cid in tar sveiieses. | Lise: 1265 16.0 23.4 30,4 33.0 
6.9 | 8.0} 8. 8.8 | 9.8 lio. 
19/7 Schoeben, K., Laboratory Apparatus for Making Low-Tomperaturo Coke Bo- _ 


cwocn Hot Platcs; Forshungsberichte Technishe Mittcilungen Krupp, 
January 1940, pp. 39-44. 

20/ Schccben, K., Analytical Plent Contrel of Low-Tcmporature Coke Plant 
of Krupp-Lurgi Design:. Ocel und Kohle, vol. 22, 1943, pp. 205-212. 


Volatile matter in cokc, percent ...0.. 
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It is interesting ‘to “note” how"the’ tar” $iela” inéreases with increasing 
volatile matter of the coal ‘and’ also thé striking increase in tar-acid yield 
with increasing volatile matter in the coal. 


A series of laboratory. experiments on various coals to.determine the 
tar yields showed that by the.Fischer-Schrader.method tar, yields.as high 
as 16 percent (dry. basis) can. be. obtained.from some coals.:: Comparison of 
tar yields obtained in the commercialrscale low-temperature carbonization 
plant and the tar yields given. by. the.Fischer.retort. show that the large- 
scale plant cbtained about 73. aa of. ene: ase shown. oe the. pases re- 
tort assay. 
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The ie ee Gege ce aee ee can: be eace for | eeeencine a 
low-temperature.coke from a wide variety of coals or from briquettes. 

There have been many improvements in design since the 4-ton-per-day pilot 
plant was. in operation in 1936. The latest improvements were incorporated 
in the:24 new: ovens built-in 1943 in the. Ruhr. Further improvements would be 
“made in a new plant. - For example designers. state that in the future the over 
length in a new plant would be 10: to 13 feet and that with these ovens a 
throughput would be obtained that would compare with the modern high-temers- 
ture coke ovens. The method of charging and of discharging the ovens is to 
be modified. The low-temperature coke is a 50 percent porosity fuel thet is 
@ highly reactive, easily ignited, smokeless. product containing 8 to 10 per- 
cent volatile matter, which should make an ideal domestic fuel. __ Those in é 
position to Imow have stated that a 1,000-toneper-day plant could be built 
at approximately the cost of a high-temperature carbonization plant. of the 
same capacity. The heat réquiremente: of- low-- and: high-temperature plants 
are essentially equal. The data avaiiable on other operating costs: indicate 
that under favorable conditions low-temperature coking by a process similar 
to the ER Pees might BHeve eee in this county. 

Seusiene it shoud be ese. in mid di! wher considering the: economic 
practicability of the low-temperature: carbonization process, that it pro- 
duces a. bettor domestic fuel. than high volatile: bituminous coal, and that 
this bettor fuel costs more per- B.t.u.: than the raw material from which it 
was mide. This increase in cost per B.t.u. ies on. the size of the plart, 
the local conditions, and- the quality of the coal. All these factors can 
vary ue a ccpesdens eee Penge. . 


1h27 DBs 


Google 


